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INTRCDUCTIGN

It is already a well established theory that chemical
evolution, 1.e. evelution cn the molecular level, has
preceded the appearance of the first living cell on thé earth.
Current concepts suggest that a relatively simple primitive
atmosphere, consisting of methane, emmonia, water, and glso
probably scme molecular hydrogen under influence of ultra-
violet radiaticn, electrical discharges and high energy
radiations has been transformed into more complicated compounds
(1, 2, 3). 1t has been generally accepted that the temperature
at the time of thils transformation was less than 100°C. The
raw material thus produced, accumulated in npools of water
that condensed, forming an organic millieu, i.e. the non-
living mixture of carbon compounds which is generally
considered as a prereguisite of the origin of life. Some
estimates made by Urey (2) indicate that the primitive oceans
might have contained as much zs 10 per cent of dissolved
organic compounds. The synthesis of these raw materials
continued until a state of equilibrium was reached, in which
the action of available energy sources produced as much of
the raw material as it destroyed. In this period cf time
only relatively simple molecules could be formed because the
more complicated and labile ones would be destroyed by the
energetic ultraviolet radiation reaching the surface of the
earth, unscreened by the ozone layer, which now protects the

earth.




The above theories of Oparin (1) and Urey (2] have been
subjected to rigid lzboratory tests by Miller (4, 5),
Pavlovskaya and Pasynskii (6}, Abelson (7)., Cro (8),
Hesselstrom (9), Paschke (10), and others (11, 12). This
laboratcry wcrk has produced various preoducts of biochemical
importance, such as amino acids, aliphatic acids, polyhydroxy
compounds, aldehydes and urea. Subjecting lhese simple
molecules to further action of ultraviolet radiation or mild
heating, rrolducad & vevriety of complex organic mclecules.

Such higher order reactions, for e:zmple, result in precduction
cf polypeptides from amino acids, as demonstrated by Fex (13,
14), 4kavbori (15), Doty (16), and others (17), in actual
laboratory experiments.

In the reviewed literature, most of the authors (1, 18,
19, 20) dealing with the problem of the origin of life, are
convinced that at some stage of chemiczl evolution, pcrphyrins
must have developed. However, until recently there was no
laboratory evidencs that porphyrins or porphine-~-like substances
could be synthesized from precursors which were avalizble
during the period of chemical evoluticn on earth.

This paper presents observations having direct bearing
on the formation of the organic millieu, nemely the synthesis

of porphine-like substances from simple precursors.
EXPERIMENTAL FROCEDULRES

It has been known that pyrrole and benzaldehyde when heated




to about 180° C. condense to form iy w4 v 4 ~tetraphenyl-
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porphine (21) (Fig. 1) and .., f,}-,f"-tetraphenylchlorine (22).
The same system, with 5 ml. cf pyrrole, 10 ml. of benzaldehyde,
10 ml. of pyridine (all freshly redistilled), and 5 g. of zinc
vacetate, was used in our first experiments (23). The pyridine
serves as a sclvent. Zinc acetate was found to increase the
yield (22, 24). The mixture was placed in a screw-casp Pyrex
tube with approzimately 2 ml. of air space =tove the liguid
and irradiated with Co®Q ,-rays for 10 rrs. at the rste of
approxirately 0.5 megaroenigens per hour. Tre solution
removed from the irradiation vessel, reddish in color, was
Giluted with chlorcform, treated with an equel volume of 6 N
hydrochloric acid, and stirred vigorously for 3 hours. The
acidic solution was then neutralized with ammonia. The
chloroform solution, separated from the aqueous layer, was
washed several times with distilled water and chromatographed
cen activated alumina, as suggested by Priesthoff and Banks (24),
with fresh chlorcform as the eluent. Three chromatographic
separations removed most of the tarry products from the
chloroform sclution, which was subsequently subjected to
chromatography on a lMagnesol column. The dark-green band was
repacked into a second column, wetted with ether, and eluted
with chloroform. The procedure was repeated until a single,
clear band was obtained on the column.

In recent experiments (25), a system, consisting of 3 ml.

of freshly distilled pyrrole, 6 ml. of benzaldehyde, and % ml.
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of water, was placed in a 250 ml. beaker, and then irradiated,
at a distance of 25 cm with ultraviolet light, using a 100 Watt
Hanovia Utility Model Lamp. The radiation transmitted through
the filter was 45 per cent at 2500 K, 90 per cent at 3000 A and
the output of the lamp was 1.5 x lO15 quanta per sec per cm2

or 5 x 1016 gquanta per sec per srea of the mixture exposed
toward radiation. The doses were measured by chemical actino-
metry, using an uranyl oxzlate actinometer according to Forbes
and Heidt (26). After exposure, the reddish-brown solution

was diluted with approximately 20 ml, of chloroform and washed
with 20 ml. of distilled water. After separation in a separa-
tory funnel, the aqueous layer was discarded, and the chloroform
layer was transferred into a bezker charged with approximately
20 g of anhydrous sodium sulfate to remove the excess of water.
The sodium sulfate was then filtered off and discarded, while
the filtrate was diluted up to 50 ml. volume with chloroform

and stored for the quantitative determination of porphines.

The final product separation was accomplished by column
chromatography, using activated alumina (F-20) and Florosil
(60-100 mesh) as adsorbents and fresh chloroform as eluent.

Two chromatographic treatments on alumina and three to four
chromatographic separations on Florosil yielded a pure product.
The porphines appeared in the eluents and collections of eluent
were continued until no Soret band appeared in the effluent.
The same mixture of pyrrcle, benzaldenyde and water when

placed in the dark without irradiation, also produced porphines.




The isolation and quontitative determinatiorn of porphines wes
done by the some methods used for irradisted mixtures.

If, instead of water, pyridine was used as a solvent in
the system, and the mixture was then irradiated for two hours,
no porphine-like substances could be detected by previously
used methods. Aging of the mixture for ten days produced only
traces of porphines.

A typicel spectrum of a2 compcound isclated from an
irradizted mixture and the reference spectrum of the compound
synthesized by the method of Ezll, et. al. (22), are presented
in Fig. 2. Both spectrz zre identical with those obtzirned by
Thomas et 2l. (27), and Dorough et al. (22). For gquantitative
estimation of the yield, the molar extinction coefficient of
18.7 x 103 at 515 m,; maximum was used, 2s suggested by Thomus
and Martell (27). Identity of the compound was further
established by the formetion of = zinc chelate, according to
the procedure of Rothemund and Menotti (29), and Derough et
al. (28). Both spectra, the reference zinc chelate and the
chelate of the compound isolated from the irradiated mixture
are identicel, as shown in Fig. 3.

It is also well known that acid salts of c¥,ﬁ§,agcs_
tetraphenylporphines exhibit a characteristic spectra (28, 30).
Therefcre, part of the benzene solution of the reference
compound and part c¢f the benzene soluticn of compounds isolated
from irradiasted mixtures were evapcrated to dryness and treated

with glacial acetic acid. Upon recording the spectra (Fig. W)




they were found to be identical with those listed in the
literature (28, 30).

Although the amount of porphines isclated after
)’-irradiation was in the microgram range, this guantity wes
sufficient to make positive identification.

Fig. 5 and € represent the total yields of porphines
isolated from the stored mixtures, plotted agsinst time of
storage. Each line in these grephs represents different

irrediation conditions.
DISCUSSION

In our present study we have shown that porphine-like
structures can be synthesized in the presence of oxygen from
precursors which were available in the very earliest stzge of
chemical evolution. Aldehydes were found in products of the
action of electrical discharges on the Urey atmecsphere in
Miller's experiment (4, 5). Pyrroles and pyrrolidines were
easily formed from emmonia, acetylene, and other unsaturated
hydrocarbons by simple catalysis or under influence of ultra-
violet radiation (1). 1In addition, Lichtin (31) found pyrroles
as the major product of the reaction of active nitrogen with
1,3-butadienes.

The results of this study also indicate that the presence
of water, or rather the suspensicn of the organic matter in
water, increases the yield of porphine like substances consi-

derably. Oparin (1), and Haldane (3), have already indicated




the pessibility of evolution of living matter from the pools
rich in organic matter, rather than on solid surfaces. The
concentration of crganic matter could be guite high, if part
of the water solvent evaporated, as the case might be in lakes
and lagoons.

The increase in the yield of porphine-like substznces, on
standing, shows that a process of autccatalysis tezkes rlace.
This process, postulated by Calvin {19), now can be supported
by experimental evidence.

A closer examination of Fig. 5 and 6 reveals that there is
a difference in the total yield of porphines after standing when
the mix ture is originally irradiated with different kinds of
eléctromagnetic radiation. Initizl exposure to the tungsten
lemp and no initizl exposure both on standing in semidarkness
seem tec have z similar effect. The rate of increzse in the
production of porphines is the same within the experimentzl
error. On the other hend, an initial irrsdiation with ultra-
violet light hzs 2z lower rste of increase of porphine production
under identical conditions of storage. This comparison has
been made on aqueous suspensions of the sterting materisls
and in the presence of oxygen.

There 1s a general zgreement among many authors that
synthesis of porphyrins is z necessary step for the origin of
life. However, the guestion of the time of the =zppearance of
porphyrins is subject to discussion. Gaffron (18), znd Cszlvin

(19), support the ideas that porphyrins were already active in




the very earliest quasi-living orgsnic structures. Miller
and Urey (5), consider this not a necessity and suggest that
porphyrins may have arisen during the evclution of primitive
organisms. Strughold and Ritter (32), consider pre-existing
stores of oxygen, produced by photochemiczl dissociztion of
water, as a rrerequisite for the fofmation and development of
chlorophyll, while the heme types of porphyrins were formed
about 1 to 1.5 billion years later.

Although @t the present time it seems to be impossible to
determine with zbsolute confidence at what stage of chemical
evolution porphine-like substances developed, certsin deductions
can be bzsed on the experimentzl evidence now available. It
can be argued that after the stores of simpler organic compcunds
reached their saturaticn point, in the first stage of chemical
evolution, there weas need for a reduction of the energy level
of the source in order to ccntinue chemical evolution to a more
complicated nature. Therefore the photolysis of water and
the formetion of an ozone layer cut out shert ultraviolet
radiaticn completely, leaving only a mild energy source of
longer ultreviolet and visible racdiation. Considering the
lowver rate of production of porphine-like substances on
standing which were irradieted with ultraviolet light, it might
be deduced thet the forrmation of these substancaes occurred in
an oxidative atmosphere.

In addition evolutionary selection pressure was exerted

for the synthesis of porphine-like substznces as soon as the




reductive z2tmcsphere was converted into an oxidative one.
Since with the cut coff of the short ultraviolet radiaticn not
enough energy could be provided by the long wave ultraviolet
and visible radiation for certain chemical synthesis, the
aprearance of porphines and especizlly their metal chelates
could be considered a necessity. Their a2id in chemiczl
trensformations such as hydrogen transfer or oxidation is well
established.

Also simultaneously with the change of reductive
atmosphere to z2n cxidative one due to the photolysis of water,
hydrogen percxide appezred. If it remzined in contzct with
organic substznces, the results would bte fatal. Therefore,
in order to continue chemicel evolution, 1t was necessary
that 2z mechanism be developed for the destruction of these
lerge zmounts of hydrogen peroxide. Czalvin (5) has already
pocinted out that incorporation of ferric iron into a2 heme- type
molecule would increazse the catalytic activity of iron for the
destruction of hydrogen peroxide by a factor of 103, while the
addition of certzin protein arrangement increases this
destruction rate by an additional factor of 105.

These last two arguments indicate that with the transition
of a reductive atmosphere into zn oxidztive one, an immediate
need was created for the formation of the porphine-like
svbstances.

This work is supported in part by the Grant NsG-226-62

from the National Aeronautics and Space Administration.
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